INTRODUCTION
============

Balancing is a complex function involving numerous neuromuscular processes. It is dependent on a sensory input from the vestibular, visual, and somatosensory systems. The central processing of this information results in coordinated neuromuscular responses that ensure the center of mass remaining within the base of support in a situation where balance is disturbed. The effective control of balance relies not only on accurate sensory inputs but also on timely responses of strong muscles.[@B1],[@B2]

Postural balance declines slowly in healthy individuals with age.[@B3]-[@B5] As a result of the gradual deterioration of most sensory modalities and the rate of central information processing with aging slowing down, there is a decline in the speed of motor activities with gradual reductions in muscle mass, muscle fiber size, number of myofibrils, and concentration of mitochondrial enzymes. These changes are likely to lead to impaired postural balance in the geriatric populations. Dysfunction in postural balance increases the risk of falls and fall-related injuries in older adults. In fact, nearly one-third of those aged 75 and over fall at least once, and six percent sustain fractures over a 1-year period.[@B6] Fallers have more difficulty than non-fallers in performing tasks and position changes required for daily activities. The risk factors of falls include muscle weakness, poor balance, gait abnormalities, slow response times, and a number of medications as well as a number of pathological conditions and environmental hazards.[@B6]-[@B8]

Postural balance can be assessed subjectively by skilled clinicians or it can be assessed by grading performance during various maneuvers, such as walking, standing up, reaching, bending, and turning. Although these approaches may be useful for grossly identifying the balance deficits, computerized dynamic posturography can enhance the ability to identify more subtle balance impairment. So far, several posturographic machines have been developed in order to measure the subtle postural sway in various conditions.

Osteoarthritis (OA) of the knee joint, which is the most commonly afflicted weight-bearing joint, is one of the most prevalent musculoskeletal complaints worldwide, affecting 30-40% of the population by the age of 65 years.[@B9] During its early stages, it is asymptomatic; but later in life, OA may result in pain, deformity, and restriction of joint motion, all of which may be disabling.

Knee OA combined with aging, which is the focus of this study, further attenuates strength and joint proprioception. More specifically, Messier et al.[@B10] found a 22% reduction in the dominant legs and a 39% reduction in the non-dominant legs of the OA group in comparison of the isokinetic knee strength of 15 adults with knee OA and 15 healthy adults matched in age, sex, and body mass. In addition, Barrett et al.[@B11] found that subjects with knee OA have poorer joint proprioception than the age-matched healthy controls. These changes might aggravate impaired postural control.

This study aims to identify the subtle change of postural control in patients with unilateral symptomatic knee OA in a geriatric population using computerized dynamic posturography. It also attempts to find out the relationship between posturographic measures and clinical measures.

MATERIALS AND METHODS
=====================

Participants
------------

Twenty-six female patients with unilateral painful knee OA and twenty-two healthy female participants aged 60 and over were recruited for this study. All patients were able to carry out their daily activities without the help of others despite the fact that they had knee pain. The inclusion criteria were below; they have had unilateral knee pain most of the days for the previous year and regardless of NSAIDs medication, there was a degenerative change in the X-ray, as well as pain and difficulty when getting up from a chair or when climbing stairs. Subjects with a past history of knee surgery, such as joint replacement and rheumatic/psoriatic arthritis, severe medical conditions precluding safe testing or concurrent participation in another study were excluded from this study. In addition, participants in the control group were excluded if they reported any pain in either knee during the past year. For ethical reasons, X-rays conducted to rule out radiographic OA were not performed in healthy female participants.

The subjects gave informed consent to participate before the beginning of this study. This study was carried out under approval of the ethics committee of the university.

Procedure
---------

### Clinical measures

The knee pain scale used in this study was the intensity of knee pain experienced during ambulation and at rest. Measuring the intensity of the pain score was based on a 10-cm horizontal visual analog scale (VAS) marked in 1-cm increments. The ambulatory VAS score of the knee pain was recorded at the preferred walking speed on an even level in an outdoor area, while the resting VAS score was recorded at rest.

To assess the degenerative changes of the knee joint, participants with knee OA took X-rays (weight-bearing AP, lateral and skyline views) of the painful knee. A radiologist rated the severity of the knee degeneration using the Kellgren-Lawrence Scale.

### Computerized posturographic measures on the force platform

The computerized posturographic measures were obtained using the Balance Master System® (Neurocom Inc, Oregon, USA), which consists of a force platform and a computer. It is used to quantify body sway as well as measure the location of a subject\'s center of pressure related to the base of support. The platform consists of two adjacent 9×60-inch force-plates. The computer is located in front of the platform, and its screen is positioned at the subject\'s eye-level ([Fig. 1](#F1){ref-type="fig"}). This system, with version 7.0 software, calculates the theoretical limit of stability (LOS) and the height of the center of gravity (COG) while standing on the force platform ([Fig. 2](#F2){ref-type="fig"}). After COG of the body is computed, the system measures the amount of sway in any direction by sampling the vertical force. The COG sway angle is the angle between a vertical line projecting upward from the center of the area of feet support and a second line projecting from the same point to the subject\'s COG. The COG sway velocity is the ratio of the distance traveled by the COG (degrees) to the time (seconds) of the trial. The monitor that is connected to the force plate and computer gives the subject feedback of the current position of her COG with respect to the theoretical LOS. In order to eliminate the effect of footwear, the subjects were tested on barefoot.

We measured seven parameters using this system ([Fig. 1](#F1){ref-type="fig"}). The first is the percentage of weight bearing (% body weight), which is the ratio of the amount of weight borne on a side (left or right) to the patient\'s total body weight ([Fig. 1](#F1){ref-type="fig"}). These were measured with the patient squatting at the 30° and 60° of knee flexion on the forceplate, and standing up from a chair. If a side has less percentage than the other side, we decide the side to be borne less. The second is the unilateral stance test on a firm surface with their eyes open. The right and left legs were tested individually, and the sway of the COG (°/sec) was measured for 10 seconds per trial ([Fig. 1](#F1){ref-type="fig"}). The third and fourth parameters were on-axis velocity (°/sec) and directional control (%). These values were obtained during performing the rhythmic weight shift ([Fig. 1](#F1){ref-type="fig"}). The subjects were asked to travel \"to and from\" and \"right and left\" between the endlines on the screen at the rate indicated by a cue. The pace set by the cue was 2 seconds per transition. On-axis velocity is the speed of COG movement in the intended direction, expressed as degrees per second. Directional control (%) is the ratio of the amount of movement in the intended direction (toward the endline) to the amount of extraneous movement (away from the end line). The fifth parameter was the rising index (% body weight) measured during the sit-to-stand task on the force plate. This means the average amount of force exerted by both legs during the rising phase, expressed as a percentage of body weight. The sixth parameter was end sway (°/sec) measured during tandem gait. This means the amount of sway of COG during tandem gait along a line on the force plate. The seventh parameter was the movement time measured during the step up/over task. This means the amount of time spent to complete the step over, expressed in seconds.

All tasks were performed three times, and we used the mean values of data obtained from the 3 trials. We compared the mean values between patients with the unilateral symptomatic OA and the control group.

Statistical analysis
--------------------

SAS software version 4.1 was used for all analyses. Descriptive statistics were generated for the characteristics of subjects with unilateral painful knee OA and the controls. We used Chi-squared analyses for the dichotomous variables of weight bearing pattern during squatting and sit-to-stand task, which were expressed as either being present or not. We used the independent t-test in order to determine the differences in the other six parameters between the unilateral painful knee OA group and the control group. Pearson\'s correlation analyses were performed in order to evaluate the relationship of the clinical measures and the computerized posturographic measures.

RESULTS
=======

Comparing the two groups, there were no group differences in age and gender, while the subjects with unilateral painful knee OA were significantly shorter and heavier than the control subjects ([Table 1](#T1){ref-type="table"}). On the Kellgren-Lawrence Scale, 24%, 37%, 21%, and 18% of the patients were graded as I, II, III, and IV, respectively.

[Table 2](#T2){ref-type="table"} demonstrated that the portions of the subjects with less weight bearing on the affected leg were 17 out of 26 patients (65.4%) during the 30° squat, 19 out of 26 patients (73.1%) during the 60° squat, and 17 out of 26 patients (65.4%) during sit-to-stand. The affected side bore less weight than the other side with statistical significance in various positions.

During the unilateral stance on a firm surface with eyes open, the value of sway velocity (°/sec) of the COG were 1.9±1.1 in the affected legs of patients and 0.7±0.5 in the healthy legs of the control group. The sway velocity was significantly greater in the painful leg of patients (p=0.01) ([Fig. 3](#F3){ref-type="fig"}). The results implied that the patient group had more sway and were less stable during one leg standing with the affected knee.

On-axis velocity (°/sec) during the front/back rhythmic weight shift was 1.5±0.6 in patents and 1.9±0.5 in the control (p=0.03) group, meaning that the patient group had a slower front/back weight shift than the control group. On-axis velocity (°/sec) during the right/left rhythmic weight shift was 3.0±0.7 in patients and 3.2±0.6 in the control (p=0.19) ([Table 3](#T3){ref-type="table"}). There was no significant difference in these measures.

The directional control (%) measured during the front/back rhythmic weight shift was 52.5±7.5 in patients and 67.7±18.7 in the control (p=0.01), implying that the patient group has less ability for front/back directional control. The values during the right/left weight shifting was 81.2±5.2 and 79.0±6.8 in the patient group and the control group, respectively (p=0.21) ([Table 3](#T3){ref-type="table"}).

The rising index (% body weight) in the sit-to-stand task was 12.1±4.8 in patients and 15.8±7.1 in the control group (p=0.02) ([Table 4](#T4){ref-type="table"}). This meant that the unilateral painful knee OA group exerted a lower force during rising up.

The end sway (°/sec) during tandem gait was 4.0±1.6 and 3.6±1.2 in each of the groups, which meant that there was no significant difference ([Table 4](#T4){ref-type="table"}).

The movement time of the affected side of patients in the step up/over task was 1.8±1.1 seconds in patients and 1.5±0.2 in the control (p=0.04) ([Table 4](#T4){ref-type="table"}), which meant that the patients spent longer time to perform the task.

We conducted Pearson\'s correlation analysis between the computerized posturographic measures and the clinical measures, such as ambulatory knee pain intensity, resting knee pain intensity, and disease burden (Kellgren-Lawrence Scale). It showed that there was a linear relationship between the ambulatory knee pain intensity and the movement time of the affected side during step up/over (r=0.42, p=0.01) ([Fig. 4](#F4){ref-type="fig"}).

DISCUSSION
==========

Although pain is the primary symptom of knee OA, the cause of the pain in an individual patient with OA is seldom easily explained by the physical and radiographic findings. An advanced stage based on radiographic criteria may be present in patients with minimal pain, and conversely, patients with little or no joint space narrowing may sometimes complain of disabling pain. Pain has an articular or periarticular source other than articular cartilage. The articular cartilage has no nerve supply; yet, the joint capsule, supporting ligaments, and periosteum are innervated. The articular sensory fibers include low-threshold fibers activated by ordinary movement, high-threshold fibers activated by excessive movement or noxious stimuli, and small-diameter, unmyelinated fibers that do not react to mechanical stimuli.[@B12] With the induction of experimental arthritis, the sensitivity of the high-threshold fibers is enhanced such that they are activated by movement within the normal range. The small-diameter fibers are active even without mechanical stimulation, but they also become sensitive to motion.[@B13] As OA progresses, the pattern of pain may evolve from pain related to motion and weight bearing to more persistent pain, which maybe intensified at night.

Arvidsson et al.[@B14] demonstrates that the presence of pain might reflexively inhibit the muscles around the knee and that pain relief might play a significant role in the ability to normally activate the quadriceps muscle. The pain associated with knee OA disturbs the timely response of muscles, which is required for effective postural balance. Just as Hurwitz et al.[@B15] suggested that pain results in a reduced loading of the affected joint, we find that the side bearing less weight is in significant agreement with the affected side during 30° and 60° squats and sit-to-stand.

In addition, the rising index (% body weight) is lower in the unilateral painful knee OA group during sit-to-stand, implying that the force exerted by the patients\' legs during the rising phase is weaker than that of the control group. These findings are of clinical significance. Activities such as squatting and sit-to-stand are important components of activities of daily life, and thus, difficulty of such activities potentially threatens an individual\'s ability to perform many of the daily life activities.

Patients with advanced OA often walk with an abnormal gait that is not well explained or directly related to the pain they experience. Al-Zahrani and Bakheit[@B16] have shown that patients with severe OA of the knee have a significantly reduced walking speed, shorter stride length, and more prolonged stance phase in the gait cycle compared with those of the control subjects. They conclude that the observed gait abnormalities are attributable to the instability of the knee joint in stance. Some researchers have suggested that the observed pathologic wide-based gait results from a decline of proprioception.[@B17] Moreover, deficits in the lower limb proprioception and muscle strength are associated with knee OA[@B18]-[@B20] and may also impair balance. Schaible et al.[@B12] documented that adults aged 65 and over with chronic knee pain experienced a significant overall decline of the knee and ankle strength as well as balance during a voluntary anteroposterior sway test after a 30-month follow-up period.

The one-leg standing test on various support surfaces along with two visual conditions has been used for measuring the ability to control COG. However, we thought that conducting the test on a foam surface or with the eyes closed might not be suitable for discriminating the ability of the postural control between the two groups because it is a difficult task for elderly subjects in both groups. Therefore, for this study, we have decided to conduct the test on a firm surface with the eyes open.

The sway velocity of COG during one-leg standing was greater in painful legs than in either leg of healthy women. This result implies that the patient group had more sway and was less stable during one leg standing. Theoretically, however, it might be thought that the painful knee has to activate all muscle groups around the knee joint in order to stabilize the joint during one-leg standing, so that it would show less or equal sway compared to the normal group. However, in reality, this study showed the patients had more sway. Based on results of the current study, we can guess that the affected knee joints of the patients have had less proprioception for balancing and further, the joints have been vulnerable to mechanical stress such that degeneration would develop earlier than the unaffected knee joints. Similarly, Barrett et al.[@B11] found that subjects with knee OA have poorer joint proprioception than age-matched healthy controls.

We found a significant difference between the two groups in the front/back rhythmic weight shift, whereas there was no significant difference in the right/left weight shift. The value of on-axis velocity during the front/back weight shift in the patient group was lower than that in the control group. Also, the value of directional control (%) in the patient group during front/back weight shift was lower than that in the control group, whereas there was no significant difference in the value during the right/left weight shift. The results portray that it was difficult for unilateral knee OA patients to perform voluntary shifting forward and backward rather to do it side to side. However, Maki et al.[@B21] reported that there were significant differences between fallers and non-fallers in the various measures related to spontaneous sway, anterior-posterior sway, and medial-lateral sway. Moreover, they reported that the lateral spontaneous sway amplitude was the single best predictor of future falling risk. It means that the protective mediolateral postural balancing is a very important factor that should be preserved to the end for the human gait and posture. Hence, the mediolateral balancing seems to be a crucial factor to differentiate fallers from non-fallers. However, the subjects of our study were patients who had knee OA in one leg, not fallers. Thus, we can guess that the ability for mediolateral balancing was well preserved in both groups in our study. Instead, patients with unilateral knee OA had more hesitation in voluntary weight shifting forward and backward on a narrower base of support in anterioposterior direction compared with the base of support in the mediolateral direction because the subjects were asked to open their legs wide to their pelvis width, not placing the feet together. Also, postural controlling during front/back weight shifting needs more activation of the quadriceps and hamstring muscles together, which can add a compressive force on the knee joint and may aggravate knee pain.

Radin et al.[@B22] demonstrated that patients with knee pain have a faster transfer rate of force after the initial foot contact, presumably in order to avoid pain. We found that the movement time of the affected side during the step up/over was longer than that of the unaffected side, apparently contradicting Radin et al. This occurred probably in order to stabilize the arthritic knee and was associated with hesitation when stepping up on the curb owing to the anticipated knee pain after initial foot contact with the curb.

Our study demonstrated that the patients with unilateral painful knee OA had postural decline in many of the computerized dynamic posturographic measures. Several potential mechanisms may be associated with the change in the balance deficits in these patients, including lower limb proprioception, lower limb muscle strength, and pain. Based on our results, pain associated with limb loading appears to play an important role in the decline of postural balance.

The Pearson\'s correlation analysis between the computerized posturographic measures and the clinical measures, such as ambulatory knee pain intensity, resting knee pain intensity, and Kellgren-Lawrence Scale, showed that there was a strong positive relationship between the ambulatory knee pain intensity and the movement time of the affected side during step up/over. The greater the pain experienced during ambulation, the more time patients need in order to stabilize the arthritic knee or the longer they hesitate before stepping up on a curb. Interestingly, however, the knee pain intensity during resting had no relationship with the movement time. Unlike the ambulatory knee pain, the perception of resting knee pain and its severity is thought to be a more central phenomenon, and as such, is more dependent on factors unrelated to articular events or factors, such as psychological adjustment, family support, life style, and job satisfaction. Moreover, depression and anxiety have been found to be associated with knee pain in epidemiological studies.[@B23],[@B24] Thus, ambulatory knee pain intensity is considered a more reliable clinical parameter for predicting the impairment of postural balance than the resting knee pain intensity in patients with knee OA.

In the elderly population, the decline of postural control is a notorious risk factor in debilitating falls and is associated with poorer mobility.[@B25]-[@B27] However, the direct relationship between the balance deficits identified in unilateral knee OA group and the occurrence of falls remains unknown in this study and hence, needs further investigation.

Study limitations
-----------------

This experiment was confined to female subjects, making it difficult to generalize our results for both male and female patients with knee OA. Also, this study has a limitation stemming from its small sample size. However, our ultimate goal was aimed to find out the subtle change of postural control in the early stage of the elderly individual with symptomatic knee OA who are at risk of falling. This study sufficiently demonstrated such changes and may provide a basis for developing preventive actions to be taken before they experience a debilitating fall.

CONCLUSION
==========

This study utilized the computerized posturographic measurement in order to demonstrate in detail the decline of postural control in elderly women with unilateral painful knee OA. They had less weight-bearing, more sway, and less ability of intentional postural control on the affected side.

It may provide a basis for developing preventive actions to be taken before the elderly experience a debilitating fall.
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![Computerized posturographic measurement using the Balance Mater System®, which consists of a force platform and a computer. Using this system, we measured the weight bearing pattern (A), sway velocity of center of gravity (COG) of the body during one leg standing (B), on-axis velocity and directional control during rhythmic weight shift (C), rising index during sit-to-stand (D), end sway during tandem gait (E), and movement time during step up/over task (F).](arm-36-618-g001){#F1}

![Balance Master System® can measure the amount of sway in any direction by sampling the vertical force. The sway angle of the center of gravity (COG) is the angle between a vertical line projecting upward from the center of the area of feet support and a second line projecting from the same point to the subject\'s COG. The COG sway velocity is the ratio of the distance traveled by the COG (degrees) to the time (sec) of the trial.](arm-36-618-g002){#F2}

![One-leg standing test. There was a significant difference in the mean center of gravity (COG) and sway velocity (°/sec) between the affected legs and healthy legs of the control (^\*^p=0.01).](arm-36-618-g003){#F3}

![The positive relationship between the movement time of the affected legs during the step up/over test and ambulatory knee pain intensity using a visual analog scale (r=0.42, p=0.01).](arm-36-618-g004){#F4}
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Values are means±SD
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Weight-bearing Pattern during 30° Squat, 60° Squat, and Sit-to-stand Test in the Patient Group Who Had Unilateral Painful Knee OA
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Chi-squared test was used for the dichotomous variables above
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Comparison of Directional Control (%) and Onaxis Velocity (°/sec) during Rhythmic Weight Shift (Front/Back, Right/Left) between Patient Group and the Control
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Values are means±SD obtained from the independent *t*-test
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Comparison of Balance Parameters during Sit-to-stand, Tandem Walk, and Step Up/Over Tests between Patient Group and the Control
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Values are means±SD obtained from the independent *t*-test

BW: Body weight
